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. Introduction
Electrospun nanofibers have offered a brand-new idea for gas and liquid filtration as a result of their tunable pore size, ultrathin thickness and facile fabrication [1] [2] [3] [4] . Most currently, superiorly high oil/water separation efficiency has been successfully achieved on polymeric nanofibrous membranes, such as PAN [5] , PMMA [6] , and PLA [7] . However, long-term durability is difficult to be expect because of poor chemical, thermal and mechanical stabilities of the organic compounds. To overcome the aforementioned limitations, ceramic nanofibrous membrane with super wettability can be a potential candidate for oil/water separation. Nevertheless, conventional ceramic materials with high surface energy exhibit low repellence for both water and oil droplets [8] , and thus failed in selectively separation for immiscible oil/water mixture which is governed by interfacial phenomenon [9] . Although lots of materials with tunable surface wettability have been reported by controlling surface chemical composition and microstructure alone, or together [10] [11] [12] [13] , templatefree ceramic nanofibrous membrane with super surface wettability is still rarely reported. This is possibly due to the difficulties in tuning the surface wettability for a chemicaland physical-stable materials. Moreover, super-hydrophilic and underwater super-oleophobic materials are very attractive for efficient oil/water separation due to their low oil adhesion and selective oil/water separation [14, 15] , but also very challenging to prepare as the surface tension of water is greater than that of oil [16] . Despite a temporary transition from hydrophobicity to super-hydrophilicity as well as oleophilicicity can be observed on the TiO 2 surface under irradiation of UV light [17] , bottlenecks still remain for constructing stable super-hydrophilic TiO 2 nanofibrous membrane for high efficiency oil/water separation.
Besides oil and petroleum products, water-soluble organic dyes have caused terrible damage to the environment by impeding light penetration into water, retarding photosynthetic activity, inhibiting the growth of biota and chelating metal ions [18] . Among various removal technologies, adsorption is the most promising procedure in the manner of operation [19] . Recently, metal oxide, such as Al 2 O 3 , MnO 2 and Fe 2 O 3 , have been investigated as promising adsorbents due to their good affinity to dye molecules [20] . Furthermore, quite a few mesoporous nanostructures have been developed to improve the adsorption capacity by maximizing their surface areas [21] [22] [23] . However, pore-generating agents have to be removed completely before using to restore clean surface by additional treatment, such as combustion. During such heat treatment, the porous metal oxide commonly suffers from tremendous shrinkage and deformation, and thus lost its surface areas dramatically, as a result of undesirable sintering [24] . Our previous work observed the porous electrospun Al 2 O 3 nanofibers lost most surface area from 180.2 to 46.8 m 2 g −1 during calcination in air [24] . Therefore, exploring new approach that can generate rational-designed metal oxide nanostructures with abundant adsorption sites is still a daunting challenge.
Herein, we facilely in situ grew hierarchical Al 2 O 3 nanostructures onto TiO 2 nanofibers surface by electrospinning followed by calcination, to construct super-hydrophilic and underwater super-oleophobic TiO 2 surface. The special wettability of hierarchical Al 2 O 3 /TiO 2 can be ascribed to four mechanisms: (i) numerous structural defects on the TiO 2 surface generated by heat treatment, facilitating the adsorption of water, (ii) abundant hydrogen bonds and the subsequently enhanced physical adsorption of water built by Al 2 O 3 nanoparticles, a commonly used solid acid, (iii) capillary forces improved by the rationally designed hetero-structure, rough surface and hierarchical pores make the surface more hydrophilic according to Wenzel's law [25] , and (iv) quick overspreading of water on the surface further retaining oil droplets by taking advantage of the repellence between oil and water. Moreover, Al 2 O 3 nanoparticles were uniformly isolated on the TiO 2 surface, preventing the sintering of Al 2 O 3 across the TiO 2 surface, and thus keep abundant adsorption sites well to maximize the remarkable adsorption capacity toward different toxic dyes. These features endow the new Al 2 O 3 /TiO 2 membrane with high efficiency for oil/ water separation and water-soluble contaminants removal simultaneously, leading to multifunctional water purification.
Experimental section

Chemicals
Polyvinylpyrrolidone (PVP, Mw ≈ 1.3 × 10 6 ), titanium isopropoxide (TTIP) and aluminum acetylacetonate (Al(acac) 3 ) were obtained from Alfa Aesar. All chemicals were used as received. The water used in all experiments was filtered through a Millipore filtration system with a resistivity of 18 MΩ cm. The hierarchical Al 2 O 3 /TiO 2 nanofibers were prepared by electrospinning a precursor containing 0.45 g of PVP (Mw≈1.3×10 6 ), 4.5 ml of ethanol, a certain amount of Al(acac) 3 , 5 ml of acetone, 2.5 ml of TTIP and 3 ml of acetic acid after magnetic stirring for 12 h. The electrospinning process was conducted with flow rate of 0.3 ml h −1 and the distance between needle and grounded aluminum foil of 12.5 cm at the voltage of 18 kV, as shown in figure S1 is available online at stacks.iop.org/NANO/29/345607/ mmedia. Subsequently the as-spun nanofibers were collected and calcined at 900°C for 2 h in air with ramping rate of 2.7°C min 2 ) at the flow rate of 0.1 ml min −1 controlled by an injection pump (KDS 2000). Every 0.5 ml of the outflow liquid was collected successively and detected by a UV-vis spectrometer (Cary 60) to calculate the decoloration efficiency.
Oil/water separation
For oil/water separation, the as-prepared Al 2 O 3 /TiO 2 fibrous membrane calcined at 900°C was fixed between the two glass funnels with effective separation area of π cm 2 . A mixture of 5 ml of oil (ethyl acetate) and 10 ml of water colored with CR (0.05 g l −1 ) was poured slowly into the upper test glass vessel through the as-prepared membrane and the separation was achieved, driven solely by gravity. Then the separated oil and water were collected with the beaker and the glass vessel, respectively.
Characterizations
Transmission electron microscopy images were collected using a transmission electron microscope (Tecnai G2 T20, FEI) operated at 200 kV. Scanning electron microscopy (SEM) images were obtained using an FEI field-emission microscope (Nova Nano SEM 230). The crystal structure information was obtained with x-ray diffraction (Bruker, D8 advance using Cu-Ka radiation, λ=1.5406 Å). The UV-vis spectra were recorded on a UV-vis spectrometer (Cary 60). Zeta potential was tested by a Nano ZS90 in alcohol at room temperature. Brunauer-Emmett-Teller (BET) surface area was tested by Nova 1200e (Quantachrome, USA). Contact angles of the samples were measured using a commercial JC2000D1 contact angle instrument (Shanghai, China) at room temperature.
Results and discussion
3.1. In situ growth of hierarchical Al 2 O 3 nanostructures onto TiO 2 nanofibers surface Hierarchical Al 2 O 3 nanostructures were in situ grown onto TiO 2 surface by using an electrospinning method followed by calcination ( figure S1 ). As shown in figure 1 , the density and size of Al 2 O 3 nanostructures on TiO 2 surface were facilely manipulated by adjusting the dosage of Al(acac) 3 in the electrospinning precursor. The Al 2 O 3 content in the composite nanofibers were determined by the energy dispersive x-ray detector (EDX), and thus the Al 2 O 3 /TiO 2 nanofibers with 0 wt%, 5 wt%, 15 wt%, and 30 wt% of Al 2 O 3 were denoted as AT-0, AT-5, AT-15 and AT-30 respectively (figure S2). It can be clearly seen that the dosage of Al 2 O 3 contributed multiple microstructures of the composite nanofibers. In contrast to the neat TiO 2 nanofibers (figure 1(A)) and Al 2 O 3 nanofibers (figure S3) with loofah-like morphology, AT-5, AT-15 and AT-30 composite nanofibers show a hierarchical morphology constituted of close-packed small grains with heterogeneous nanoparticles grown on the surfaces. Particularly, the homogeneous distribution of Ti, Al and O elements in hierarchical nanofibers were determined by EDX mappings, as shown in figures 1(E)-(G). Apparently, more heterojunctions were manipulated on the surface of TiO 2 nanofibers with the increasing Al 2 O 3 content, demonstrating tunable roughness and the relevant performances. These fine-structures arise from more nucleation centers with smaller crystallite size and higher charge density during electrospinning [26, 27] . Besides, Al 2 O 3 nanocrystals prefer to form at the surface of the nanofibers owing to thermal decomposition of Al(acac) 3 under the existence of an oxygenrich area [24] . The average diameter of Al 2 O 3 /TiO 2 nanofibers slightly increased when more Al 2 O 3 was introduced (figure S4), which can be attributed to the migration of Al 2 O 3 outward during calcination. Moreover, a desirable increase of BET surface areas from 0.22 to 14.74 m 2 g −1 was achieved, due to the appearance of Al 2 O 3 nanocrystals, and pores in TiO 2 nanofibers (table S1).
Growth mechanism of hierarchical Al 2 O 3 /TiO 2 nanofibers
To have a deeper insight of the growth mechanism of the new hierarchical structures, different calcination temperatures were conducted for sample AT-15. The SEM images of AT-15 before and after being calcined at 350°C, 700°C and 900°C are shown in figure 2, respectively. It can be seen that the heterojunctions appeared when the calcination temperature was up to 700°C, and the smooth surfaces were cracked into close-packed grains. Based on the XRD patterns (figure 2(E)), the composite nanofibers exhibit anatase phase at this time and no obvious crystalline Al 2 O 3 was observed. When further increasing the calcination temperature up to 900°C, the characteristic peak around 25.33 and 48. (211) and (220) planes of rutile-TiO 2 phase according to JCPDS 21-1276 [18] . Furthermore, the TGA analysis of PVP, Al(acac) 3 and as-spun AT-15 nanofibers in figure 2(F) confirmed the intriguing composition evolution during the calcination process. It can be seen that Al(acac) 3 quickly decomposed at around 250°C and the PVP template was gradually removed when the temperature was up to 650°C, resulting in decreasing diameters as counted in figure S5 .
Taken together, the growth mechanism of hierarchical Al 2 O 3 /TiO 2 nanofibers in fact involves four different stages. (i) In the very early stage, the initial as-spun Al(acac) 3 /TTIP/PVP nanofibers exhibited smooth surface, due to the homogeneous electrospinning precursor and process. (ii) After being calcined at 350°C, Al(acac) 3 first begun to decompose to Al 2 O 3 nanocrystals and the TTIP hydrolyzed completely to TiO 2 in PVP matrix. (iii) As the calcination temperature was gradually elevated to 700°C, PVP templates were removed out. At this time, anatase TiO 2 nanocrystals were formed and amorphous Al 2 O 3 nanocrystals were still covered by The tunable surface structure and controllable composition of Al 2 O 3 /TiO 2 nanofibers suggested the great possibility of manipulating its surface wettability. As illustrated in figures 3, S6 and S7, the water contact angles (WCA) and underwater oil contact angles (UOCA) were measured on these nanofibrous membranes. The as-spun AT-15 exhibited WCAs above 134°before and after being calcined at 350°C, possibly due to the hydrophobicity of PVP matrix [28] [29] [30] . Similar results are observed on the surface of AT-0 and AT-5, as shown in figure S6 . For the hydrophobic surface, a lot of the area beneath the water droplet are the liquid/vapor interfaces, and the ratio of liquid/solid interface is pretty small, which indicates that the interaction between the water and the polymer is extremely weak, thus a hydrophobic performance [31] . The UOCAs above 132°on the surface of as-spun Al 2 O 3 /TiO 2 before and after being calcined at 350°C suggested an amphiphobic performance, which can be ascribed to the small diameter of these electrospun nanofibers and the well-connected spatial structure. An intriguing transition from hydrophobic to super-hydrophilic surface can be observed on the Al 2 O 3 /TiO 2 membrane when the calcination temperature was elevated from 350°C to 900°C. As shown in figure 3(C) and the video S1, the water droplet spread quickly on the surface of AT-15 (900°C) in 0.3 s and finally achieved a WCA closed to 0°, indicating its remarkable permeability and super-hydrophilicity. As the Fourier transform infrared spectra shown in figure S8, result indicated the clean surface of composite ceramic nanofibrous membranes as well as their good affinity to hydroxyl/water. Herein, the super-hydrophilic performance can be attributed to the clean and defect-rich TiO 2 surface, the enhanced hydrogen bonding and the increased capillary force. Firstly, the calcination removes PVP templates and generates numerous structural defects on the TiO 2 surface, which are kinetically more favorable for hydroxyl adsorption than oxygen adsorption [32] . Secondly, Al 2 O 3 nanoparticles, a commonly used solid acid, built abundant hydrogen bonds and enhanced the physical adsorption of water. Finally, the rationally designed hetero-structure, rough surface and hierarchical pores draw water toward inside via capillary forces making the surface more hydrophilic according to Wenzel's law. At the same time, the super-hydrophilicity and rapid permeability endowed the Al 2 O 3 /TiO 2 surface with overspreading water quickly. Consequently, oil droplets can be well restrained on the Al 2 O 3 /TiO 2 surface with UOCA> 140°due to the repellence between oil and water. Moreover, there was a slight increase of UOCA from 700°C to 900°C, likely due to the fact that the elevating calcination temperature generates larger heterojunctions and thus increased roughness on surface.
To further understanding the principle factors of manipulating the surface wettability, the relation between Al 2 O 3 content and WCAs/UOCAs was summarized in figure 3(B) . The increasing Al 2 O 3 dosage contributes to more heterojunctions on the surface of TiO 2 nanofibers, and thus enhances capillary forces to improve water permeability and hydrophilic property, as well as raising calcination temperature. Simultaneously, the UOCAs increased to the maximum value of 165°when the Al 2 O 3 content reaches 15 wt%. In principle, the UOCA can be express using the Young-Dupreé quation [33] as equation (1): where γ sw and γ so are respectively solid/water and solid/oil interfacial tensions while γ oa , γ wa , and γ ow are the surface tension of oil, surface tension of water, and the interfacial tension of an oil/water interface, respectively. The value of θ ow becomes high when γ wa cosθ wa is greater than γ oa cosθ oa . Thus, underwater oleophobicity can be enhanced by improving the hydrophilicity of the immersed solid surface [34] . Besides, the surface roughness can also increase the oil repellency as the Cassie-Baxter [25] model demonstrated:
where q ow CB represents the Cassie-Baxter UOCA, q ow represents the UOCA on a smooth surface and r f is the ratio of the real contact line to the projected contact line of the portion of solid that is in contact with the oil and f is the fraction of length of the projected area of the solid surface in contact with oil. Therefore, it is obvious that the surface morphology and roughness are important to achieve underwater superoleophobicity.
As illustrated in figure 3(D) , the water overspread on the surface and filtrated into the grooves of fibrous membrane, and the contact area between oil droplets and Al 2 O 3 /TiO 2 surface dramatically decreased [28] . Herein, we can feasibly manipulate the wettability by tuning the Al 2 O 3 dosage and calcination temperature, and thus the size and density of heterojunctions on the TiO 2 surface. The AT-15 fibrous membrane calcined at 900°C possess a very rough surface and thus a super-hydrophilic and underwater super-oleophobic wettability.
Adsorption performance of hierarchical Al 2 O 3 /TiO 2 membranes
Adsorption isotherm studies describing the relationship between the amount of adsorbate adsorbed per unit weight of adsorbent (q e , mg g −1 ) and the concentrations of adsorbate in the bulk solution (C e , mg l −1 ) at a given temperature were conducted [35] . The adsorption of the dyes at different initial concentrations was investigated at 30°C during an adsorption period of 1 h. The experimental adsorption isotherm data of CR and Rh B by fibrous membranes calcined at 900°C are shown in figures 4(A) and (B), respectively. According to the Giles classification system the adsorption curves obtained are L-(Langmuir) type adsorption isotherm [36] , represented by equation
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where C e is the equilibrium concentration of the adsorbate (mg l −1 ), and q max and b are Langmuir characteristic constants, indicating maximum adsorption capacity (mg g −1 ) and the energy of adsorption (l mg −1 ), respectively. q e is defined as the amount of adsorbate adsorbed per unit weight of adsorbent (mg g −1 ) and is calculated using equation (4):
where C 0 and C e are the initial and equilibrium concentrations of CR (mg l −1 ) or Rh B (mg l −1 ), respectively, V is the volume of CR or Rh B used (l) and W is weight of the Al 2 O 3 in the fibrous membranes (g), considering the poor adsorption of pure TiO 2 nanofibers. The adsorption constants calculated using the Langmuir model are shown in table 1.
The plots of C e /q e against C e are given in figures S10(A) and (B). The large value of the correlation coefficients (R 2 >0.99) confirms that dye capture follows the Langmuir model, involving chemisorption and a relatively high affinity between adsorbate and the adsorbent [21] .
Adsorption kinetics assists in evaluating the rate and mechanism of mass transfer of adsorbate from liquid-phase to solid adsorbent surface [37] . As shown in figures 4(C) and (D), the decrease in initial dye concentration within Al 2 O 3 /TiO 2 fibrous membranes was determined and the adsorption kinetics results were analyzed using a pseudosecond order kinetic model which is based on the assumption that chemisorption is the rate determining step [38] . The pseudo-second order kinetic model can be described by equation (5):
where k 2 is the pseudo-second-order rate constant
), and q e and q t are the dye sorption capacity at equilibrium and time (t), respectively. A plot of t/q t versus t yields the values of q e and k 2 . The initial adsorption rate v 0 (mg g −1 min −1 ) can be calculated by using equation (6):
The plots of t/q t against t are given in figures S10(C) and (D) and the obtained parameters q e (mg g
, and R 2 are displayed in table 2. The large value of the correlation coefficients (R 2 >0.99) implies that dye capture by Al 2 O 3 /TiO 2 fibrous membranes follows the pseudo-second-order kinetic model.
The adsorptive performance of Al 2 O 3 /TiO 2 membranes was also studied in continuous mode with a flow rate of 0.1 ml min −1 . Every 0.5 ml of the outflow liquid was collected successively and monitored by UV-vis spectra, as shown in figure 4(E) . The dye capture can be calculated as equation (7):
where C 0 is the original concentration of dye solutions before decolorizing (mg l −1 ) and C t is the concentration of dye solution after a given passed volume (mg l
−1
). As shown in figure 4(F) , the Al 2 O 3 content exhibited dominant effect on the capture capacity toward both of CR and Rh B molecules. The adsorption capacity reaches the maximum of 104.6 mg g −1 toward CR and 42.90 mg g −1 toward Rh B when 5 wt% of Al 2 O 3 was added into the composite nanofibers. However, when further increase the Al 2 O 3 dosage, the dye capture capacity decreased in some extent, possibly ascribed to the slight aggregation of Al 2 O 3 crystals, and thus decreased active adsorption sites. It is reasonable to conclude that simple physical adsorption directed by the surface area is not prevalent, but rather that the dispersion of Al 2 O 3 dominant the adsorption capacity. Moreover, CR is easier to be captured by Al 2 O 3 /TiO 2 than Rh B, which could be attributed to the electrostatic attraction, confirming by zeta potential tests ( , suggesting other interactions between the Al 2 O 3 /TiO 2 and dyes may exist during the adsorption. According to a previous report, CR and other dye molecules can adsorb on the surface of metal oxides due to a coordination effect of metal ions with amine groups of dyes [21] and/or a surface complexation via hydrogen bonding between the hydroxyl groups on the surface of nanofibers and amine groups of dyes [39] .
It can be observed from the SEM images (figure S11) that the Al 2 O 3 /TiO 2 hierarchical nanofibers packing on the substrate have uniform and long continuous surface after being calcined at 900°C, indicating the remarkable thermal stability resisting undesirable breaking [40] . Moreover, the nanofibers are oriented randomly, generating lots of unique interconnected pores, which allow the non-woven mat with good permeability [2] . Such superb permeability and super-hydrophilicity allow the efficient removal of water-soluble contaminants in a continuous flow mode. As shown in figure 4 (E), a remarkable dye capture up to 90% with a flow rate of 0.1 ml min −1 can be achieved. The color of the as-synthesized membrane changed from off white to red and/or pink after adsorption, implying the existence of CR and Rh B in the solid, and the corresponding SEM image was shown in figure S12(A) . After a facile calcination treatment at 350°C for 1 h, the colored membrane turned to off white again and achieved a good dye capture efficiency as high as the fresh membranes. The homogenous and long-continued morphology ( figure S12(B) ) as well as the superior dye removing efficiency (>90%) confirmed the preeminent chemical and thermal stability being a promising ceramic filter membrane. The adsorption capacities toward dyes on various adsorbents compared with Table 2 . Correlation coefficients and rate constants of the pseudo-second-order kinetic models.
Adsorbate
Adsorbent q e (mg g The pH value of the solution had significant influence on the adsorption [49, 50] , and its effect was further studied by using acetic acid and ammonium hydroxide respectively. It has been found that the adsorption capacity toward CR molecules was improved obviously at acidic pH (figure S13 and table S3). This result can be understood from the point of view of the chemical state of Al 2 O 3 . At acidic pH, large amount of hydroxyl adsorbed on active sites of Al 2 O 3 nanoparticles and thus facilitated a much higher adsorption capacity by enhancing hydrogen bonding [39] , indicating their general applications in harsh conditions.
Oil-water separation
Because of the super-hydrophilic and underwater superoleophobic wettability and remarkable adsorption capacity toward dyes, Al 2 O 3 /TiO 2 membranes exhibit high efficiency in oil-water separation and dye capture. Figures 5(A)-(C) show the quick gravity driven oil-water separation process along with adsorbing dye molecules. Water quickly permeated through the AT-15 (900°C) membrane in as short as 20 min. Strikingly, oil was retained above the membranes as a result of the super-hydrophilicity and super-oleophobicity properties of the membranes surface. In such a gravity driven process [51, 52] , qualities of permeated liquid can be analyzed for separation efficiency and decolorization ratio using GC and UV-vis detector measurements respectively (figures S14 and S15). The separation efficiency (η) of liquid through the membrane was calculated according to the equation (8) :
where V 0 and V 1 are the volume of the water before and after the separation process, respectively. The efficiencies of oil/water separation and dye capture of various Al 2 O 3 /TiO 2 membranes with different compositions and roughness were systematically investigated (figures 5(D) and (F)). To have a deeper insight of these process, the liquid wetting model on membrane surface is illustrated in figure 5(F) . In principle, liquid could wet the porous solid surface once an intrusion pressure Δp has been overcome, so as to achieve exceeded contact angle, as described in equation (9) [53] :
where γ is the surface tension, R is the meniscus's radius, l is the pore's perimeter, θ is the contact angle on the membrane, and A is the pore's area. As can be seen from equation (9), when θ>90°, the membrane can withstand the pressure to some extent since the Δp>0. In this work, the Al 2 O 3 /TiO 2 membrane displays super-hydrophilicity and super-oleophobicity, for WCA the θ is nearly 0°, therefore, the water can pass through the membrane. As to oil droplets, the membrane displays UOCA larger than 90°apparently. Based on equation (9), Δp>0, reveling the oil cannot pass through the membrane. After the permeation process, the interspaces between the Al 2 O 3 nanostructures and TiO 2 nanofiber would be occupied by water for the super-hydrophilicity of the membrane. The trapped water can enhance the oil-repellent force, which can lead to the super-oleophobicity and high UOCA on the membrane. Thus, the oil cannot pass through the membrane as the Δp>0 ( figure 5(F) ). Herein, it is clear that the membrane manipulated with proper density of Al 2 O 3 heterojunctions on the surface possess superior oleophobicity and has an excellent purifying capability for an oil/water mixture. A cycling test was done to study the stability and reusability of AT-15 (900°C) membrane by repeated oil/ water separation followed by calcination at 350°C (figures S16) for 1 h in air. The adsorbed oil droplets can be successfully decomposed and thus restoring the clean surface of ceramic membrane with super-hydrophilic and underwater super-oleophobic wettability. After 5 successful cycles, AT-15 (900°C) still maintained an oil/water separation efficiency over 96.5% in 20 min, and showed no significant downward trend. Moreover, the adsorption capacity of Al 2 O 3 /TiO 2 membranes facilitate a great dye capture performance from water, achieving a low cost and multifunctional membrane for water remediation under harsh condition in environments.
Conclusion
In summary, we have demonstrated a facile and applicable approach for the fabrication of stable super-hydrophilic and underwater super-oleophobic Al 2 O 3 /TiO 2 hierarchical membranes using electrospinning combined with calcination. The thermo-induced Al 2 O 3 nanostructures endow the ceramic membrane with super wettability by enhancing the surface roughness and hydrogen bonding, showing a promising future of surface modification for ceramic nanomaterials. Moreover, the isolated Al 2 O 3 achieved a remarkable adsorption capacity of 104.60 mg g −1 toward CR thanks to the 'island in the sea' configuration. Consequently, Al 2 O 3 /TiO 2 nanofiltration membranes can purify oil/water mixtures containing organic dyes with 97.7% separation efficiency and 98% dye capture, overcoming the high cost and dedicated processes in conventional water remediation. The fabrication strategy presented can be extended to a wide range of competitive materials and inspires a general approach for water purification under harsh liquid-phase environments.
